Introduction
More than two decades ago it was shown that only 5% of the world's resources for health research and development (R&D) were spent on the health problems of developing countries, which then represented 93% of the world's burden of preventable mortality. 1, 2 The lack of a rational link between the health R&D that was needed and that which was being conducted resulted in the existence of "neglected populations". 3 This mismatch, which still exists, had and has two main causes. First, the distribution of R&D funding has been -and remains -largely determined by market forces rather than by a more equitable system that is based on health needs. 4, 5 Second, even when funding for health R&D is distributed by philanthropic or governmental donors, many high-burden diseases and priority areas of R&D can remain badly underfunded. 6 This indicates a lack of appropriate mechanisms for the prioritization and coordination of such R&D. 7 To start addressing these problems, a sense of agreement on a common R&D agenda will have to grow among funders of health R&D -something that, to date, has proven difficult to achieve. 7 As a first step towards such a common agenda, the current composition of the "global landscape" of health R&D needs to be explored so that the gaps in this landscape and neglected populations can be identified. If we are to change how we spend our money on health R&D, we first need to know how we are spending it now.
Unfortunately, we know very little about what health R&D is being conducted, where and how it is being conducted, and who is conducting it. 8 Databases of registered clinical trials may offer a new resource for gaining insight into the health R&D "landscape". In the past decade, trial registration has become broadly accepted as an ethical and scientific responsibility. [9] [10] [11] [12] [13] [14] [15] [16] Enforcing regulations, policies and legislation has been crucial to the success of trial registration. There has been relevant national legislation, 12 the editors of many medical journals have made trial registration a prerequisite for the publication of trial results, 9, [13] [14] [15] such registration may also now be a prerequisite for the ethical approval of a trial's protocol 11, 17 and a self-regulating pharmaceutical industry has also promoted trial registration. 16 On several continents, many publicly accessible, online registries have been established to allow investigators to register their clinical trials. 18 In 2005, the International Clinical Trials Registry Platform (ICTRP) was established by the World Health Organization (WHO) to create a platform for linking these clinical trial registries and provide a single point of access to information on all clinical trials conducted globally. 11 Over the last 8 years, the ICTRP has grown into a platform that combines data from 15 different clinical-trial registries, both national and regional, and offers access to more than 200 000 registered records of clinical trials.
This study was conducted to explore what can be learnt from the clinical trial records available on the ICTRP database about the current composition of the "global landscape" of health R&D. We were especially interested in the distribution of trials across different diseases and countries and the identification of any major gaps in the "landscape".
Methods

Study sample
By using an automated random sampling function that is available as part of the ICTRP's data management system, we randomly selected from the ICTRP database 5% of all the records for interventional clinical trials that were registered as actively recruiting participants on 10 August 2012. A 5% sample was considered to be sufficient to produce results that
Objective To explore what can be learnt about the current composition of the "global landscape" of health research and development (R&D) from data on the World Health Organization's International Clinical Trials Registry Platform (ICTRP). Methods A random 5% sample of the records of clinical trials that were registered as interventional and actively recruiting was taken from the ICTRP database. Findings Overall, 2381 records of trials were investigated. Analysis of these records indicated that, for every million disability-adjusted life years (DALYs) caused by communicable, maternal, perinatal and nutritional conditions, by noncommunicable diseases, or by injuries, the ICTRP database contained an estimated 7.4, 52.4 and 6.0 trials in which these causes of burden of disease were being investigated, respectively. For every million DALYs in high-income, upper-middle-income, lower-middle-income and low-income countries, an estimated 292.7, 13.4, 3.0 and 0.8 registered trials, respectively, were recruiting in such countries. Conclusion The ICTRP constitutes a valuable resource for assessing the global distribution of clinical trials and for informing policy development for health R&D. Populations in lower-income countries receive much less attention, in terms of clinical trial research, than populations in higher-income countries.
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could give a general view, but not too large to hamper the manual extraction of relevant data. For trials that were registered in more than one registry, we included only the record with the earliest registration date. 19 We excluded trials that, according to the ICTRP's records, were only observational in nature.
Data extraction
Registry name, date of registration, age and sex inclusion criteria, target sample size, study design, study type, study phase and the countries of recruitment for each record were downloaded from the ICTRP and imported into an Excel (Microsoft, Redmond, United States of America) database on 10 August 2012. We manually reviewed the health condition or problem studied, the intervention and the primary sponsor by examining the registered record, and we then coded the data as described in the next section.
Data coding and classifications
We coded the health conditions or problems studied in each selected trial according to 20 We categorized the countries in which the subjects of trials were recruited as high-, upper-middle-, lowermiddle-or low-income according to the World Bank's groupings, which are based on gross national incomes per capita. 21 We also identified the WHO region to which each country belonged using the current WHO classification of Member States. 22 If a trial was recruiting participants in multiple countries that belonged to the same income group or same WHO region, we counted the group or region only once.
We divided primary sponsors (i.e. the individual, organization, group or other legal entity that was responsible for initiating, managing and/or financing a trial) into nine categories: collaborative groups of researchers or doctors; contract research organizations; foundations; government institutions; industries; individuals registered as sponsors; research institutes; universities or hospitals; and "other". We then classified trials as having an industrial primary sponsor, a non-industrial primary sponsor (including collaborative groups, foundations, governments, research institutes and universities or hospitals) or another type of sponsor (including individuals registered as primary sponsors, contract research organizations and "other" sponsors).
All data were extracted and coded by one author (RFV) and, if ambiguous, discussed with another author (RFT).
Data analysis
For each health condition or problem studied and for each of the categories used for the countries of recruitment, the number of trials detected in the 5% sample was extrapolated to estimate the total number of actively recruiting, interventional trials with the same characteristic that were registered on the ICTRP. The Wilson score interval 23 was used to calculate 95% confidence intervals for each estimate.
Whenever possible, for each health condition or problem studied, we mapped the estimated total number of related trials on the ICTRP against the corresponding burden of disease in disability-adjusted life years (DALYs). 20, 24 Additionally, we divided the estimated total number of related trials by the corresponding burden of disease in DALYs to give an estimate of the total number of trials per million DALYs for each health condition. Burden-of-disease data were not available for all of the health conditions that were being investigated in the selected trials. 24 In addition, the subcauses of injuries were ignored in these calculations because the sources of the injuries were not included in the majority of the records pertaining to injuries. Among the health conditions and problems, we also excluded residual ("other") categories, several overarching categories (i.e. skin disorders, endocrine disorders and "other neoplasms") and a small number of specific diseases for which uncertainties in the burden-ofdisease estimates were large (e.g. chlamydia, gonorrhoea, neonatal infections, polio, all congenital anomalies, all oral diseases and Chagas disease in lowincome countries). Trials that recruited participants with malignant neoplasms in general were redistributed proportionally over all of the disease codes for such neoplasms, in a similar approach to that taken by the authors of the Global burden of disease: 2004 update. 20 We expressed estimates of the numbers of trials in the ICTRP database that were recruiting in countries in each income group and WHO region as the numbers of trials per capita. For this, we estimated the sizes of the relevant national populations in the year 2012 using the World Bank's database of health, nutrition and population statistics. 25 For each income group and WHO region, we divided the number of trials per capita by the corresponding total burden of disease in DALYs per capita to obtain an estimate of the total number of trials per million DALYs for each category used for the countries of recruitment.
We derived all burden-of-disease data -which were standard DALYs with time discounting and age-weightingfrom the most recently published results of WHO's Global Burden of Disease study. 20, 24 We used Z-tests 23 to compare the proportions of trials whose primary sponsor was industrial with the corresponding proportions of trials with non-industrial primary sponsors.
All of the data analysis was conducted using the Excel software package.
Results
On 10 August 2012, 2381 clinical trials that were registered as interventional and actively recruiting were randomly selected from the ICTRP database (Fig. 1) . Baseline information on registry name, intervention type, year of registration, sponsorship, target sample size, study phase and inclusion criteria for sex and age of participants is presented in Table 1 .
Health conditions or problems studied
The health condition or problem studied could be classified for 2195 of the 2381 selected trials. The most common focus of investigation -both in terms of the absolute number of trials and the number of trials per million DALYs caused by the condition or problem -was on noncommunicable diseases (52.4), followed first by communicable, maternal, perinatal and nutritional conditions (7.4) and then by injuries (6.0) ( Table 2 , available at: http://www.who. int/bulletin/volumes/91/6/12-114454, and Fig. 2 ). The estimated total number of trials registered on the ICTRP for each health condition or problem was mapped against the global burden of the condition or problem (Fig. 3) .
Countries of recruitment and sponsorship
Information on countries of recruitment was available for 2377 of the 2381 selected trials. Trials were found
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to recruit most often in high-income countries -absolutely, per capita and proportionally to the burden of disease in these countries -followed first by upper-middle-income countries, then by lower-middle-income countries and finally by low-income countries (Table 3 and Fig. 4 ). Trials recruited most often were in WHO's European Region and the Region of the Americas (Table 3 and Fig. 5 ).
We were able to determine country of recruitment and classify the primary sponsor as non-industrial or industrial for 2253 of the 2381 selected trials. Trials with non-industrial primary sponsors recruited more often in low-income countries than trials with industrial primary sponsors (odds ratio, OR: ∞; Z = 2.0; P = 0.0464), whereas trials with industrial primary sponsors recruited more often in lower-middleincome (OR: 4.0; Z = 7.2; P < 0.0001), upper-middle-income (OR: 2.0; Z = 5.0; P < 0.0001) and high-income countries (OR: 2.2; Z = 4.0; P = 0.0001) ( Table 4) 
Discussion
The global monitoring of health R&D requires analyses of the inputs (e.g. investments), 2, 5, 6 processes (e.g. analyses of the R&D "pipeline") 26,27 and outputs (e.g. publications 28 or products such as medicines) 4 of R&D. Such "triangulation" of different sources of information is essential if we are to obtain a complete picture of what health R&D is being conducted, where and how it is being conducted, and who is conducting it. The increasing public availability of information on clinical trials provides an additional source of information for analysing current processes in health R&D at global, regional or country levels. Evaluations of registered trial data have recently been used to shed light on national clinical trial portfolios 29, 30 and specific research areas. [31] [32] [33] [34] This type of evaluation has several strengths: all trials should be registered, even if their final results are never published; registered records contain information that is complementary to that in any published articles on the trials; 35 databases of registered trials can provide insight into currently ongoing R&D; and their standardized and searchable format makes databases of registered trials suitable for aggregate analysis. 36 For the purpose of obtaining a comprehensive global picture of all ongoing clinical trials, the ICTRP is an unmatched resource of information since it provides access to data from all of the major clinical trial registries around the world that meet the relevant standards of WHO's registry criteria. 37 The results of this study show that, at least on a global scale, there is little correlation between the burden of disease attributable to a particular health condition or problem and the amount of clinical trial research being conducted on that health problem. This finding confirms the mismatch -between health R&D need and relevant health R&D -that has previously been observed using alternative R&D metrics, such as R&D investments and R&D outputs. [1] [2] [3] [4] 6, 33, 38 A consequence of this mismatch is the existence of several populations that are neglected with respect to health R&D. 3 In particular, health R&D currently does not adequately meet the needs of populations in lower-income countries. 3, 39 In general, communicable, maternal, perinatal and nutritional conditions -which cause a much higher proportion of the burden of disease in lowerincome countries than in high-income countries 20 -currently receive much less attention, in terms of clinical trial research, than noncommunicable diseases. In addition, clinical trials recruit much less often in lower-income countries than in higher-income countries. For health conditions or problems that cause a large burden in both lower-and higher-income countries, it is important that populations in lower-income countries be included in clinical trial research so that their specific R&D needs can be addressed. 3 There are several limitations in using registered trial data for identifying gaps in the health R&D "landscape". No account is taken of research other than that conducted within the context of a clinical trial. Since a registry for systematic reviews has recently been established 40 and the creation of a registry for observational research has been widely advocated, 41, 42 evaluations of the health R&D "landscape" may soon broaden in scope. Another potential data source could be a registry (or database) of research protocols or even raw datasets 43 , although the information in such a registry would be much more difficult to analyse than the registered records of clinical trials.
The need for clinical trial research on a given health problem -or the perceived need for such research -is only partly determined by the burden of disease posed by the problem. The severity of the corresponding product shortfall, the state of the relevant science and technology and disease trends can also affect the need for clinical trial research. 6, 44 In other words, the need for R&D will be relatively high for diseases for which effective product development has been scant and for emerging diseases, diseases posing increasing burdens and diseases on course for eradication, whereas clinical trials may be considered premature if basic science is lacking in new research areas. Caution is therefore warranted in interpreting the correlation -or lack of correlation -between the number of clinical trials conducted on a particular disease and the burden posed by that disease. The main strength of the findings of the present study lies in the general, global trends that the findings reveal. For more specific conclusions about individual diseases, registered trial data will have to be analysed alongside other sources of information.
To date, very little reliable information has been produced on how much clinical trial research is being conducted in lower-income countries. 45 Although the present results help to fill this knowledge gap, it is important to note that the registration of trials has not been enforced equally around the world. Many countries still have no legislation to enforce registration 12 and not all journals in which clinical-trial data could be published are covered by the journal associations that have committed to enforcing trial registration. 9, 13 Furthermore, not all clinical trials are conducted with the goal of publication. It is difficult to verify or even estimate how many clinical trials remain unregistered, although it seems likely that at least some trials are never registered, especially in countries where there is no legal requirement for registration. 30, 46, 47 Given that all major medical journals now require evidence of trial registration, as a condition for publication of any data from a trial, and that all studies that assess the effects of new medicines -for which regulatory approval is to be sought internationally -need to be registered, the quality and potential impact of any unregistered trials are questionable. Nonetheless, it is crucial 
DALYs Estimated no. of trials
DALY, disability-adjusted life year. Note: Only interventional and actively recruiting trials were investigated. The health problems are split according to both the estimated numbers of trials on the ICTRP (lefthand chart) and the burden of disease that they cause globally (righthand chart). Confidence intervals were calculated for the estimates but have been omitted from the figure, for clarity. Table 2 (available at: http:// www.who.int/bulletin/volumes/91/6/12-114454). Only trials investigating specific health problems were included in this figure; overarching categories and subcategories of health problems were excluded. Confidence intervals were calculated for the estimates but have been omitted from the figure, for clarity.
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that clinical-trial registration is enforced in every country, by means of national legislation and/or by ethical review boards, to ensure that a complete picture of the global distribution of clinical-trial research can be obtained. 11, 12, 48 Before full use can be made of the ICTRP for exploring the health R&D "landscape", several other limitations need to be addressed. First, even in those countries that have legislation on the registration of clinical trials, enforced registration is often limited to trials of drugs and -sometimes -devices, phase II-IV trials, and trials that recruit subjects in the country where the legislation is implemented. 49 This problem has been recognized in the United States of America, where new legislation to ensure that all clinical trials of interventions are registered has been proposed. 50 There also remain concerns about the quality of the data entered into the registered records of clinical trials 10, 51, 52 and about problems with the unique identification of trials, which can lead to duplicate registration. 19 Finally, the extraction, aggregation and analysis of the data in the ICTRP database currently require substantial a Estimated percentages and numbers for the whole ICTRP were based on the results of the analysis of the records for a 5% sample of the trials registered on the platform. b The percentages shown are those of the 2377 trials in the sample for which the country or countries of recruitment could be determined from the registered records. When summed, the percentages shown for income groups or regions exceed 100% because some trials were recruiting in multiple countries belonging to more than one income group or region.
Fig. 4. Estimated numbers of trials in the International Clinical Trials Registry Platform recruiting participants in low-, lower-middle-, upper-middle-and high-income countries, 2012
Income group of country of recruitment The formats of some of the data items differ across the registries covered by the ICTRP, which makes the automated aggregate analysis of data impossible. To remedy this limitation, the staff of the ICTRP are working with individual registries to harmonize the data recording formats across all of the registries that are covered by the platform. An alternative solution would be the development of algorithms to translate the variable information from individual registries into a common format and then classify the information into meaningful categories. ClinicalTrials. gov, one of the registries that provide data to the ICTRP, has already shown that the development of such data classification algorithms is feasible. 29, 53 Developing similar aggregation algorithms for the ICTRP -and making both the aggregated data and the results of the analysis of those data publicly available -would be an important step forward not only for the ICTRP but also for clinical trial transparency on a global scale. 29 In conclusion, this study shows that WHO's ICTRP constitutes a valuable resource for assessing the global distribution of clinical trials and for informing policy development and priority setting for health R&D. The findings of this study demonstrate that there is little correlation between burden of disease and the global distribution of clinical trial research and that populations in lower-income countries receive much less attention, in terms of clinical trial research, than populations in high-income countries. A more detailed understanding of the global health R&D "landscape" is needed to inform future R&D priorities. The ICTRP is one of several resources of information that will need to be "triangulated" to acquire a complete picture of what health R&D is being conducted, where and how it is being conducted, and who is conducting it. The ICTRP would constitute an essential part of any global observatory on health R&D. 39 To increase the usefulness of the ICTRP further, it is important that the enforcement of clinical trial registration be increased, that the quality of the data in registered records be improved and that more possibilities for automated aggregate data analysis on the ICTRP be created. ■ 21 When summed, the percentages shown for income groups or regions exceed 100% because some trials were recruiting in multiple countries belonging to more than one income group.
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Резюме
Использование данных зарегистрированных клинических испытаний для определения различий между странами в уровне проведения научных исследований и разработок в области здравоохранения Цель Изучить доступную информацию о текущем глобальном распределении научных исследований и разработок в области здравоохранения на основе данных Международной платформы для регистрации клинических испытаний (МПРКИ) Всемирной организации здравоохранения. Методы Проведена случайная пятипроцентная выборка протоколов клинических испытаний из базы данных МПРКИ, зарегистрированных как интервенционные и с активным набором участников. Результаты Всего было изучено 2381 протоколов испытаний.
Анализ данных протоколов показал, что на каждый миллион лет жизни, скорректированных на инвалидность (индекс DALYs), обусловленных а) инфекционными заболеваниями, состоянием материнского и перинатального здоровья и условиями питания; б) неинфекционными заболеваниями и в) травмами, в базе данных содержится приблизительно 7,4, 52,4 и 6,0 испытаний, в которых исследовались причины бремени болезней, соответствующие указанным группам. В то же время, на каждый миллион лет жизни, скорректированных на инвалидность, приблизительное число зарегистрированных в базе данных исследований, в которых 
Resumen
El empleo de datos de ensayos clínicos registrados para identificar lagunas en la investigación y desarrollo sanitarios
Objetivo Analizar qué se puede aprender acerca de la composición actual del «paisaje global» de la investigación y desarrollo sanitarios (I+D) a partir de datos de la plataforma de registros internacionales de ensayos clínicos (ICTRP, por sus siglas en inglés) de la Organización Mundial de la Salud. Métodos Por medio de un alistamiento activo se tomó una muestra aleatoria del 5% de los expedientes de los ensayos clínicos registrados como intervencionistas de la base de datos de la ICTRP. Resultados En total, se investigaron 2381 expedientes. El análisis de dichos expedientes indicó que, por cada millón de años de vida potencialmente perdidos (AVPP) causados por enfermedades transmisibles, maternas, perinatales y nutricionales, por enfermedades no transmisibles o por lesiones, la base de datos de la ICTRP contenía aproximadamente 7,4, 52,4 y 6,0 ensayos, respectivamente, en los que se investigaban las causas de esas cargas de morbilidad. Por cada millón de AVPP en países con ingresos altos, medios-altos, medios-bajos y bajos, se alistaron aproximadamente 292,7, 13,4, 3,0 y 0,8 ensayos registrados en dichos países. Conclusión La ICTRP constituye un recurso valioso para evaluar la distribución global de los ensayos clínicos y para informar sobre el desarrollo de políticas para el I+D sanitarios. Las poblaciones en países con ingresos bajos reciben mucha menos atención, en términos de investigación de ensayos clínicos, que las poblaciones en países con ingresos más altos.
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